Background: Histological remission has been proposed as a new treatment goal in patients with ulcerative colitis (UC) although no universal definition for microscopic activity exists. Aim: We evaluated the accuracy of histological activity to predict clinical relapse in UC patients with both clinical and endoscopic remission. Methods: Asymptomatic UC patients in endoscopic remission (Mayo endoscopic sub-score 0 or 1) undergoing surveillance colonoscopy in two referral hospitals were prospectively recruited. All colonic biopsies were analyzed according to the Geboes' score (GS) and the presence of basal plasmacytosis (BP). Results: Ninety-six patients were included (38% women, median (interquartile range) age 50.0 (39.0-58.5) years, median disease duration 12.0 (6.5-19.5) years). Histological activity defined as GS 2B.1, GS 3.1, or BP was present in, respectively, 26%, 23% and 12%. Within 12 months from index endoscopy, 23% of the patients presented with clinical relapse. In multivariate analysis, active histological disease was the only risk factor predicting clinical relapse (odds ratio (95% confidence interval) 4.29 (1.55-11.87); p ¼ 0.005 for GS 2B.1 and 4.31 (1.52-12.21); p ¼ 0.006 for GS 3.1). Conclusions: In patients with UC in clinical and endoscopic remission, histological activity is an independent risk factor for clinical relapse. Further prospective studies need to clarify whether treatment optimization is justified in this context.
Introduction
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized by periods of clinical remission followed by clinical relapse. The main therapeutic objective is to achieve and maintain clinical and endoscopic remission. Patients with mucosal healing (MH) have a better outcome with fewer surgeries, complications and hospitalizations, and an increased quality of life. [1] [2] [3] Some authors have suggested that ongoing active histological disease among patients in clinical and endoscopic remission is a risk factor for clinical relapse. [4] [5] [6] [7] Additionally, an increased risk of colorectal neoplasia has been described among patients with microscopic disease activity. 8, 9 Of note, the correlation between clinical, endoscopic and histological features is clearly suboptimal. 10, 11 Definitions for active histological disease vary significantly among studies. [4] [5] [6] [7] 12 From a microscopic point of view, the inflammatory infiltrate in UC biopsies is composed of lymphocytes, plasma cells (commonly in the basal region of lamina propria and known as basal plasmacytosis (BP)), and a variable number of eosinophils and neutrophils. 13, 14 Response to therapy is typically a gradual evolution, where histologic changes will normalize only after endoscopic and clinical remission is achieved. Histological normalization includes a progressive resolution of the abscesses and the inflammatory infiltrate, and BP tends to decrease toward normal cellularity. 15 There is, however, a considerable proportion of patients (up to 40%) with persisting histological activity despite being in both clinical and endoscopic remission. 16 Although active histological disease has been linked to a poor prognosis, there is currently not enough evidence to recommend histological healing as a goal of treatment in patients with UC. Because of the potential risk of adverse events and the increasing costs of intensifying treatment in these patients, it is necessary to clarify the impact of histological activity and to standardize definitions in this context. 16 Our objective was therefore to assess the prognostic value of histological activity and BP in patients with UC in both clinical and endoscopic remission. As a secondary objective, we analyzed other possible risk factors of clinical relapse, including biological activity.
Material and methods

Patient population
This was a prospective study in two referral hospitals: University Hospitals of Leuven (Leuven, Belgium) and Bellvitge University Hospital (Barcelona, Spain). We included adult UC patients (18 years) in clinical and endoscopic remission who underwent a surveillance colonoscopy between June 2011 and September 2014. UC was diagnosed according to conventional endoscopic and histological criteria. 17 Clinical remission was defined as a total Mayo score of 2 points or lower, including stool frequency grade 0-1 and rectal bleeding grade 0.
1 Endoscopic remission was defined as a Mayo endoscopic sub-score of 0 or 1. Exclusion criteria consisted of history of colonic resection, pregnancy, Crohn's disease, IBD type unclassified, prolonged remission (>10 years) or absence of clinical and/ or endoscopic remission including intake of steroids. Clinical and demographic characteristics are summarized in Table 1 .
The study was approved by the local ethical committees of both hospitals (Ethical Committee of the University Hospitals of Leuven (B322201213950/ S53684) on March 29, 2012 , and the Ethical Committee of Bellvitge University Hospital (PR 181/10) on December 23, 2010) , and all patients gave written informed consent. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Histological activity
All patients underwent a surveillance colonoscopy, in most of the cases with chromoendoscopy or narrow banding imaging and in some cases with white-light endoscopy. Histological activity was scored according to the Geboes' score (GS) by an experienced pathologist 
4).
Because there is no consensus on the cutoff for active disease (GS 2B.1 or GS 3.1), we performed the whole analyses with both cutoffs. In addition to the variables included in GS, BP was also evaluated. 6 BP was defined as an infiltrate of plasma cells predominantly observed between the base of the crypts and the muscularis mucosae. 15 
Assessment of the clinical outcome
From the moment of colonoscopy, patients were followed clinically for 12 months to evaluate the occurrence of clinical relapse, UC-related hospitalization, colectomy or death. This information was obtained from electronic clinical records. Clinical relapse was defined as clinical Mayo partial score 3 and/or need of introducing steroids or any other treatment escalation.
Clinical evaluation was performed in either the outpatient clinic or telephonically by a physician specializing in IBD.
Statistical analyses
SPSS version 19.0 (SPSS, Chicago, IL, USA) was used for appropriate statistical methods. Descriptive statistics were calculated as percentages for discrete data and medians with interquartile ranges (IQRs) for continuous nonparametric data. Spearman correlation and kappa index between biologic, endoscopic and histologic markers were calculated. Univariate (Chi-square and Mann-Whitney tests) and multiple regression analysis were performed to assess the risk of histology and the other variables as potential risk factors of clinical relapse. Kaplan-Meyer curves were used to analyze the risk of clinical relapse along the follow-up. P values smaller than 0.05 were considered significant.
Results
A total of 96 patients were included (39 from Bellvitge University Hospital in Barcelona and 57 from University Hospitals Leuven in Leuven). Patients' characteristics are summarized in Table 1 .
Relation between biologic, endoscopic and histological markers
Among the 96 patients, 63 (66%) presented with a Mayo endoscopic sub-score of 0, and 33 (34%) a subscore of 1. Regarding histology, 25 (26%) presented with a GS 2B.1, 22 (23%) presented with a GS 3.1 Figure 1 ). Similarly, when defining active histological disease as a GS 3.1, the proportion (%) of patients with normal/quiescent/active histological disease was 43/44/13 vs. 36/21/42 for Mayo endoscopic sub-scores 0 and 1, respectively (p ¼ 0.003).
The relationship between GS and the Mayo endoscopic sub-score was poor (Spearman correlation ¼ 0.27 (p ¼ 0.007)). Relation between GS and C-reactive protein as well as between GS and Mayo endoscopic sub-scores was also poor (0.09 (p ¼ 0.406) and 0.009 (p ¼ 0.931), respectively).
In none of the patients was the medical therapy adapted based on the endoscopic and histological findings.
Risk factors for clinical relapse
A total of 22 (23%) patients relapsed within the 12-month follow-up period. In univariate analysis, a shorter disease duration (median 13.0 (IQR 9.0-21.0) years vs. median 7.5 (IQR 1.8-15.3) years; p ¼ 0.015) and active histological disease (defined either as GS 3.1 (16% vs. 46% patients; p ¼ 0.004) or GS 2B.1 (16% vs. 46% patients; p ¼ 0.002) were significantly different between non-relapsers and relapsers.
The area under the curve (AUC) for GS 2B.1 and GS 3. Figure 2 .
None of the other demographic, clinical, biological or histological features were found to be a risk factor for clinical relapse. Results are shown in Table 3 .
In multivariate analysis, only active disease on histology defined as GS 3.1 remained as an independent risk factor for clinical relapse (odds ratio (OR) 4.31 (95% CI 1.52-12.21); p ¼ 0.006). Similar results were observed when active disease was defined as a GS 2B.1 (OR 4.29 (95% CI 1.55-11.87); p ¼ 0.005).
None of the patients was hospitalized and/or underwent colectomy within the 12-month period follow-up.
Risk of clinical relapse according to the degree of endoscopic and histological remission
Of note, clinical relapse rate was similar regardless of the degree of endoscopic remission, since 21% and 27% of patients with a Mayo endoscopic sub-score of 0 and 1 respectively relapsed within one year (p ¼ 0.438). Comparing the risk of clinical relapse through a Kaplan-Meier curve, we observed that a GS 3.1 but not the Mayo endoscopic sub-score of 1 (vs. Mayo endoscopic sub-score of 0) was a risk of clinical relapse during the 12-month follow-up period (Figure 3) . Finally, when selecting only patients with a Mayo endoscopic sub-score grade of 0 (n ¼ 63), histological activity was not found to be a risk factor of clinical relapse, although the low sample size might play a role in this context. The relapse rates were 18% and 38% for patients with a GS < 3.1 and GS 3.1, respectively (p ¼ 0.345). Similar results were found for the GS 2B.1 cutoff (data not shown).
Discussion
This prospective study shows the impact of active histological disease on the risk of clinical relapse in patients with UC who are in both clinical and endoscopic remission. During the last decades, treatment goals in patients with UC have shifted from clinical remission only to clinical remission combined with MH. Indeed, MH was shown to be associated with better mid-term outcomes in patients with UC. 1, 2 However, since active microscopic disease in the presence of MH has shown to have a potential prognostic value, histological healing has been more recently proposed as a new therapeutic goal in UC. 19 However, before histological healing can be proposed as an additional target, more evidence about the prognostic value is needed as well as standardization of the definition regarding histological activity.
Already in 1991 Riley et al. showed that an acute inflammatory cell infiltrate was a risk factor for clinical relapse in a cohort of 82 UC patients in clinical and endoscopic remission. 4 Later on, other authors also demonstrated that histological activity has a prognostic value in this group of patients. 6, 7, 20, 21 However, the definitions for active microscopic disease varied significantly among these studies. The presence of intraepithelial neutrophils and BP have been the most commonly used. In this line, histological assessment in UC needs to be standardized since at least 20 different histological scores 18, [22] [23] [24] have been developed. Moreover, a clear definition of histological remission has not been established yet. Among all scores, the GS has probably been the most used and detailed, but its complexity (seven different grades divided into four or five subcategories each) could limit its use in clinical practice. Moreover, this score does not include the variable of BP, which has been independently related to a higher risk of clinical relapse in patients with clinical and endoscopic remission. 5, 6 In order to overcome these limitations, we recently developed a simplified score of the GS that includes BP as one of the histological variables and reduced the number of categories. 24 In order to confirm our previous results from a retrospective cohort, 6 we assessed histological activity according to GS but also the variable BP. The simplified GS was not used since this study was initiated before its development. Histological activity has demonstrated to be a predictor of clinical relapse but also of other outcomes such as the need for steroids, hospitalization and response to treatment. 25, 26 In our cohort, the presence of neutrophils either in the lamina propria (GS ¼ 2B.1) or in the epithelium (GS ¼ 3.1) was the only independent risk factor to predict clinical relapse in UC patients in clinical and endoscopic remission. Of note, histological activity was a stronger predictor of clinical relapse than endoscopic activity defined by a Mayo endoscopic sub-score of 1 in this cohort of UC patients in clinical remission with a Mayo endoscopic sub-score of 0 or 1. The cutoff for active histological disease in UC patients is a matter of debate.
Despite the fact that in other studies the GS 3.1 cutoff has been proposed to be the most accurate cutoff to predict clinical relapse, 6, 21 there are no data about the potential accuracy of a GS cutoff of 2B.1 in this context. The presence of extravascular neutrophils in the mucosa (regardless of their location) might be a risk factor for clinical relapse. Only in some specific situations (such as a strenuous bowel preparation or mucosal irritation due to a difficult endoscopic procedure), might the presence of isolated neutrophils in the mucosa not imply active disease. However, in these situations the location of the biopsies will clarify this in most cases. In this context, we performed the analysis with both cutoffs (GS 3.1 and GS 2B.1) obtaining similar results to predict risk of relapse in UC patients in clinical and endoscopic remission. Other studies also found that BP together with neutrophils was a risk factor for clinical relapse. 5, 6 In our cohort, the global proportion of patients with BP was very low (12%), which might underestimate the capacity of BP to predict clinical relapse. One of the possible reasons why our cohort presented with such a low rate of BP might be the fact that patients were in a long-lasting remission period prior to their inclusion in the study.
Apart from histological activity, almost no other risk factors for clinical relapse in UC patients in remission have been reported in the literature. Bitton et al. demonstrated that the presence of multiple previous relapses and a younger age were related to a higher risk for clinical relapse. 5 Fecal calprotectin is increasingly being reported in recent studies as one of the most accurate markers of histological activity in UC patients as well as a risk factor for clinical relapse. [27] [28] [29] In our cohort, only a shorter disease duration (median 7.5 years vs. 13.0 years) was a predictor for clinical relapse in the univariate analysis, besides histological activity. However, in the multivariate analysis only active histological activity remained significant. Neither the grade of endoscopic remission (Mayo endoscopic sub-score grade 0 or 1) nor any of the other epidemiological and clinical variables were found to be risk factors for clinical relapse in our study.
One of the limitations of our study is that fecal calprotectin was not systematically measured and was therefore not included in the analysis. Another limitation is that, because this was a multicenter study, the location of biopsies was not standardized but was performed according to endoscopist criteria in the context of dysplasia surveillance colonoscopy. However, this also shows more closely the real-life experience in many centers.
In conclusion, our study shows that histologically active disease defined by the presence of neutrophils either in the lamina propria or also in the epithelium has a prognostic value in UC patients in clinical and endoscopic remission. These patients are therefore at increased risk for flares and should probably be followed closely. Further prospective, randomized, controlled studies should now demonstrate whether treatment optimization is indicated in these patients to prevent flares. A standardization of concepts regarding histological activity in UC is also needed.
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